Abstract: There has been no information on lipids of brackish water mysid Neomysis intermedia, which is the most important mysid for human food in Japan. The present study revealed their lipid content, lipid class composition, and fatty acid compositions of total lipids (TL) and major lipid classes. Lipid content of the mysid was 1.0% on wet-weight base. Major lipid classes were phosphatidylcholines (PC, 26%), phosphatidylethanolamines (PE, 24%), and phosphatidylinositols (PI, 14%), whereas the content of triacylglycerols (TAG) was relatively low (7%). Major fatty acids of the TL were 16:0 (21%), 18:1n-9 (12%), 20:5n-3 (EPA; 19%) and 22:6n-3 (DHA; 14%), and the latter two polyunsaturated fatty acids were concentrated in PI (totally 47%) and PE (43%) fractions rather than in PC (20%) and TAG (18%). Arachidonic acid (4%) was also higher in the PI (7%) and PE (5%). When the mysid was fed tri-, di-and monoacylglycerols prepared from DHA-rich fish oil, DHA mainly increased in the TAG fraction of the mysid. The mysid appeared to primarily incorporate exogenous DHA into TAG fraction.
INTRODUCTION
The mysid Neomysis intermedia (N. intermedia) is the most popular species of mysids in brackish water in Japan. In the inland sea-lake Kasumigaura linked to the North Pacific Ocean, 200-300 tons of the mysids are caught every year for human food and aquacultural food. The use as human food is mainly in the form of "tukudani" in Japanese, which is the preserved food boiled in soy. Such food product is characterized by daily intake in a long period.
Lipids of mysids have been investigated for several species 1) , e.g., Neomysis integer (N. integer) 2) , Anchialina agilis (A. agilis) 2) , Lophogaster sp. 2) , Praunus flexosus (P. flexosus) 3) , and Gnathophphausia gracilis (G. gracilis) 4) . Major fatty acids of mysids were found to be generally 16:0, 18:1, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) 1) . Lipids of the N. integer were further detailed on sexual and maturational differences 5) , seasonal and environmental influences 2) , and biosynthesis of longer-chain fatty acids 6) . In the last decade, lipids of Metamysidopsis insularis (M. insularis) 7) , Amblyops kempi (A. kempi) 8) , and Paramysis nouvelli (P. nouvelli) 9) were investigated in respect of nutritional value for aquaculture. However, there has been no information on lipids of N. intermedia. In the present study, the mysid N. intermedia was subjected to lipid analysis in order to reveal their lipid content, lipid class composition, and fatty acid composition. Fatty acids were analyzed for both of the total lipids (TL) and major lipid classes. The aim of this study is to reveal, first, lipid profile of N. intermedia itself and, secondly, its changes caused by incorporation of marine lipids. For the latter purpose, the mysids fed various types of DHA-rich marine lipids were also analyzed.
MATERIALS AND METHODS

1
Live mysids N. intermedia were obtained from an ornamental fish shop six times in May 23 to August 23, 2006. The mysids stocked in 17-salinity diluted artificial seawater were transferred to the laboratory at about 5 , and then acclimated into a 10 L-volume tank mildly aerated at 18 . After one day, about a half numbers of the live mysids (about 100 animals) were taken by nylon mesh and immediately frozen on the mesh at 30 as a sample for lipid analysis.
The mysids remaining in the tank (about 100 animals) were fed on emulsified marine lipids for 24 h at 18 . Each of the marine lipids (200 mg) described below was mixed with soybean lecithin (20 mg), and the mixture was homogenized with 40 mL of water using a two-blade blender at 20,000 rpm for 1 min. The emulsions were added to the tank at 20 mg-marine lipids/L. After 24 h, the live mysids were taken by nylon mesh and immediately frozen as the lipid-fed sample.
2
Five types of DHA-rich marine lipids were used for feeding the mysids, i.e., TAG, diacylglycerols (DAG), monoacylglycerols (MAG), ethyl esters (EE) prepared from bonito head oil, and phospholipids (PL) from salmon roe lipids. The bonito head oil TAG were isolated from an industrial oil by column chromatography on silica gel 60 (Merck, Darmstadt, Germany) with hexane/diethyl ether for elution. The bonito head oil DAG and MAG were prepared by porcine pancreatic lipase hydrolysis of the oil (1.6 g) using the method of Luddy et al. 10) , and purified by column chromatography. The proportions of isomeric 1,2(2,3)-and 1,3-DAG or isomeric 2-and 1(3)-MAG were not determined. The bonito head oil EE were prepared by refluxing the oil with 1% (v/v) sulfuric acid-dry ethanol solution for 4 h, and purified by column chromatography. Salmon roe PL were concentrated from the roe lipids by a solvent partition procedure using hexane, ethanol and water 11, 12) . Soybean lecithin used as emulsifier was purchased from Wako Pure Chemical (Osaka, Japan). Major fatty acids of the feeding lipids [mixture of the lipids and lecithin (10:1, wt/wt)] are presented in the result section.
3 2.3.1 Lipid content
Lipid analysis of the initial and marine lipids-fed mysids started within 30 min after frozen at 30 . TL were extracted from whole bodies of the mysids by the method of Bligh and Dyer 13) . TL content was gravimetrically determined on the basis of wet matter weight.
Lipid class composition
Lipid class composition of the TL was analyzed by highperformance thin-layer chromatography (HPTLC) and scanning densitometry based on the method of Olsen and Henderson 14) . After a silica gel 60 HPTLC plate (10 10 cm plate with 2. 5 10 cm concentrating-zone, 0.2 mm thickness; Merck) was pre-developed in chloroform, the mysid TL in chloroform (1 mg/mL; 2 mL) was applied to the plate. Lipid standards (0.5, 1.0 and 1.5 mg of each lipid class) were also applied to the same plate for construction of calibration curves. The plate was developed by methyl acetate/2-propanol/chloroform/methanol/0.25% aqueous KCl (25:25:25:10:9, by vol) to a distance of 3.7 cm from bottom of the separating-zone for separation of polar lipid classes. Following dryness in vacuo for 2 min, the plate was developed by hexane/diethyl ether/acetic acid (80:20:2, by vol) to 7.5 cm for separation of neutral lipid classes.
Lipid components were detected by spraying the plate with 10% cupric sulfate in 8% phosphoric acid and by charring at about 150 for 15 min 15) . Quantification was performed by scanning-densitometry using software Scion Image. The amount of each lipid class was determined by use of calibration curve. Lipid class composition (wt%) was calculated for the following lipid classes: sterol esters (SE), TAG, free fatty acids (FFA), sterols (ST), MAG, phosphatidylethanolamines (PE), phosphatidylinositols (PI), and phosphatidylcholines (PC).
Isolation of major lipid classes
Major lipid classes of the mysid TL were isolated by preparative HPTLC. A portion (4 mg) of the TL was applied to a silica gel 60 HPTLC plate (10 10 cm plate with 2.5 10 cm concentrating-zone), and the plate was developed under the conditions similar to those for the lipid class analysis. After spraying with 0.2% 2'7'-dichlorofluorescein in ethanol, separations were visualized under ultraviolet radiation. The bands of absorbent containing the lipids (TAG, FFA, PE, PI and PC) were scraped into test tubes, and immediately subjected to transmethylation (TAG, PE, PI and PC) or methylation (FFA) without eluting them from the absorbent.
Fatty acid composition
Fatty acid methyl esters were prepared by heating the mysid TL (1-2 mg), dissolved in benzene (1 mL), with 7% BF 3 -methanol (2 mL) for 1 h at 100 in a screw-capped test-tube under nitrogen. The methyl esters were extracted from the reaction mixture by hexane. With the lipid classes on the HPTLC absorbent, the reaction was carried out without benzene, and diethyl ether was used for extraction 16) . The methyl esters were purified by column chromatography on silica gel 60 (Merck) with hexane/ diethyl ether (90:10, v/v) for elution.
The methyl esters formed from PE of a mysid sample were further purified by TLC on a silica gel 60 HPTLC plate with toluene for development 17) in order to separate coexistent dimethylacetals.
The fatty acid methyl esters of the TL and lipid classes were analyzed by GLC with a Shimadzu GC-18A instrument (Shimadzu, Kyoto, Japan) equipped with a flame ionization detector and an Omegawax 320 capillary column (30 m 0.32 mm i.d., 0.25 mm thickness; Supelco, Bellefonte, USA). The column temperature was isothermal at 200 . The injector and detector temperatures were 250 and 260 , respectively. The carrier gas was helium (120 kPa). Peak area percentages were obtained with a Shimadzu C-R6A integrator. Peak components were identified by com-
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parison of retention times with those of authentic fatty acid standards and dimethylacetals separated in the above. Fatty acid compositions were calculated from the peak areas excluding those of dimethylacetals.
RESULTS
1
N intermedia 3.1.1 Lipid content and lipid class composition shows lipid contents and lipid class compositions of the mysids N. intermedia. Mean body length and mean body weight of the six samples were 12.0 1.4 mm and 5.6
1.1 mg/individual, respectively. Lipid content was 1.0 0.4% on wet-weight base.
The mysid lipids were rich in PL and particularly PE and PC followed by PI. Concentrations of the lipid classes were 24. 2 3.3% (PE), 14.1 4.6% (PI), and 25.5 8.5% (PC). Total amounts of these PL accounted for 63.8% of the lipids of the mysids. The mysid lipids were also high in ST (13.2 3.1%), whereas TAG (6.8 1.8%) and SE (2.2 1.1%) were lower. In the mysid lipids, FFA and MAG were also found at remarkable concentrations.
Fatty acid composition
shows the fatty acid compositions of the mysid lipids. Major fatty acids found at more than 10% in the TL were 16:0 (20.5
1.0%), 18:1n-9 (11.6 1.6%), EPA (20:5n-3; 18.9
1.6%), and DHA (22:6n-3; 13.7 1.7%), accounting for 64.7% of the total fatty acids. These fatty acids were also high in the major lipid classes of the mysid. In each class, the following fatty acids were found as the highest four components:
[ 3.4%). In general, highly unsaturated fatty acids, EPA, DHA, and AA, were concentrated in the PE and PI, and saturated and monounsaturated fatty acids in the TAG and PC. 
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ment of the means was 0.1 wt%. Among the lipid classes, TAG increased in percentages in all of the feedings. The increases were remarkable in the mysids fed TAG, DAG and MAG-types marine lipids. In contrast, FFA generally decreased in most of the mysids. Polar lipid classes (PE, PI, and PC) did not show clear tendency in their changes. The mean values calculated for the PE, PI, and PC in the marine lipids-fed mysids (24, 16 and 27%, respectively) were not very different from those in the initials (24, 13 and 28%, respectively).
Changes in fatty acid composition
Concentrations of major fatty acids were compared between the initial and marine lipids-fed mysids ( ). Fatty acids in the marine lipids are also presented in . The marine lipids contained DHA at the concentrations higher than those in the TL of initial mysids. In each feeding, remarkable increases of this acid (more than 5% in increment) were observed for the following lipid classes of the mysids:
[ When the DHA-rich TAG, DAG, MAG were supplied to the mysids, drastic increase of DHA were found in the TAG of the mysids. The increments were 23.0% (TAG-fed), 20.0% (DAG-fed), and 16.9% (MAG-fed). Accordingly, concentrations of DHA in TL also increased in these marine lipids-fed mysids. In contrast, DHA-rich EE and PL did not result in remarkable increase of DHA in TL of the mysids. Increments of DHA in TAG or PI observed for these mysids are also less than 10%. In general, changes in fatty acid composition appeared to be characterized by increases in DHA mainly in the TAG fraction. The increase was high in the mysids fed TAG, DAG and MAG-types DHArich lipids.
DISCUSSION
From the results described above, the lipids of intact N. intermedia seem to be summarized by the followings: a) Lipid content is about 1.0% on wet-weight base.
b) The lipids are rich in PL (PE, PI and PC) accounting for more than 60% of TL. c) Major fatty acids are 16:0, 18:1n-9, EPA and DHA. d) EPA, DHA and AA are very rich in PI and PE fractions.
shows the lipid contents and fatty acid compositions of eight species of mysids other than N. intermedia [1] [2] [3] [4] [5] [7] [8] [9] .
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The data involve the mysids different in habitat, season, sex, maturation or rearing conditions. Lipid contents of the eight species ranged from 0.9 to 2.8% on wet-weight base and from 9.1 to 24.7% on dry-weight base. Lipid content of N. intermedia (1.0% on wet-weight base) was within the former range. In the previous reports, lipid class compositions were detailed for the two species of mysids M. insularis 7) and P. nouvelli 9) . In the M. insularis, the major lipid classes were PL (43%), ST (29%), SE (19%), and TAG (11%) 7) , whereas in the P. nouvelli, the major classes were TAG (27%), ST (18%), PC (13%), PE (13%), and FFA (11%) 9) . The N. intermedia of the present study resembled the former species in respect of high concentration of PL.
Joseph 1) summarized the fatty acid compositions of the five species of mysids, and described that 16:0, 18:1, EPA, and DHA were found to be the major fatty acids in the four species, N. integer 2) , A. agilis 2) , Lophogaster sp. 2) and P. flexosus 3) , shown in . These fatty acids were also high in the lipids of A. kempi 8) and P. nouvelli 9) recently investigated. Major fatty acids observed for N. intermedia in this study were also the same fatty acids. Fatty acids in the N. intermedia seem to be similar to those of the other species of mysids. However, Joseph 1) also pointed out that the composition of G. gracilis 4) , a deep-water species, was distinctive in that 18:1 made up more than 50% of the component fatty acids. M. insularis 7) also seem to be distinctive. The lipid content, major lipid classes, and major fatty acids of the N. intermedia were no exception to those of the mysids previously reported. Therefore N. intermedia generally resembles the other species of mysids in its lipid profile. Novel information on the lipids of mysids is that EPA, DHA and AA were concentrated in PI and PE of N. intermedia. There have been no data on fatty acid compositions of PL classes of mysids. Based on the similarity of lipid profiles, other species of mysids may be also rich in EPA and DHA in PI and PE fractions of their lipids.
The lipid analysis of the marine lipids-fed N. intermedia revealed the changes in their lipid profile, i.e., increase of TAG in the TL, increase of DHA in the TAG, and increase in these factors in the mysid fed DHA-rich TAG, DAG and MAG. These results seem to indicate an additional property of N. intermedia lipids: e) DHA fed in the forms of acylglycerols is assimilated and mainly incorporated into the TAG fraction. When TAG is fed to mysids, the TAG may accumulate in their gut. However, the results of the DAG and MAG-fed mysids indicated the incorporation of DHA into the TAG fraction of the mysid. On the other hand, EE or PL-types DHA seems to be assimilated at lower levels.
Morris et al. 6) investigated the biosynthesis of polyunsaturated fatty acids in N. integer. In their feeding experiment, the mysids were fed 14 for 3-7 days and then reared for 1-10 days with or without carbohydrates. From the results, N. integer was found to be capable of converting fatty acids such as 16:0, 18:1, and 18:2 to long-chain polyunsaturated fatty acids (EPA and DHA), which were then incorporated into TAG and PL fractions. The longer the period of metabolism, the greater was the accumulation of labeled long-chain polyunsaturated fatty acids in the PL fraction. Synthesis of PL was generally slower than that of TAG. In the present study, it was not clarified whether N. intermedia can biosynthesize EPA and DHA and incorporate the resulting these fatty acids into TAG and/or PL fractions. However, N. intermedia seems to incorporate exogenous DHA into their TAG fraction. Therefore, EPA, DHA, and AA found in the mysid PI and PE at high concentrations may be mainly endogenous origins.
In the present study, lipid profile of mysid N. intermedia was revealed. In general, the lipid profile does not seem to differ from those of the mysids previously reported. However, differing from other species, the present information is apparently important, because N. intermedia has been used for human food. According to the present results, this species contains high concentrations of EPA and DHA, and therefore human can intake these fatty acids through the food products.
